R elease of the second edition of the Physical Activity Guidelines for Americans 1 in fall 2018 provides an important opportunity to assure that everyone in the United States knows how lifesaving it is to move more and sit less. Employers are a catalyst for disseminating and reinforcing the major recommendations in the guidelines as they are at the nexus of workplace, community, and health-care delivery. These recent guidelines convey the tremendous health impact of physical activity on brain health, managing and reducing chronic disease, reducing depression and anxiety, weight management, reducing hypertension, and many other benefits. Helping employees move more is a great way to help control upwardly spiraling health-care costs, increase labor productivity and output, and improve mental health and well-being.
In this issue, Dr Russ Pate summarizes the latest science that is the foundation for the new guidelines with a focus on areas that should be of special interest to employers. Dr Ablah and colleagues summarize physical activity policy interventions that can be integrated across different work environments. Dr Cedric Bryant discusses the work of the Prescription for Activity Task Force, an initiative that seeks to increase physical activity screening and prescription. There is no reason why the physical activity prescription cannot happen within worksite health promotion and employers can provide resources to employees to be physically active at the worksite and in their communities. They can also synchronize with the health-care system to assure seamless delivery of care.
Finally, the last article is an outcome of the National Academy of Medicine physical activity surveillance initiative, 2 where the worksite sector identified the need to develop consistent criteria for physical activity, physical fitness, and sedentary behavior assessment in worksite health promotion and an expert consensus author group was separately convened to do that work. The intent is for employers, vendors, and stakeholders to implement these measures so we evaluate outcomes and develop individually tailored, evidence-based programming using consistent, validated measures.
Together, these articles provide a road map for integrating and promoting physical activity across an environment where most adults spend a majority of their time. Employers are key stakeholders in making this happen. It's an exciting time to inspire a physically active nation.
The Report of the US Physical Activity Guidelines Advisory Committee: Important Findings for Employers Russell R. Pate, PhD 1 Introduction P hysical activity is a critical health behavior, and compelling evidence links higher levels of physical activity to numerous health benefits. Accordingly, in 2008, the US Department of Health and Human Services (DHHS) produced the first federal guidelines on physical activity. 1 Over the decade since the release of those guidelines, research on physical activity and health has grown at a very rapid pace. Accordingly, DHHS decided that the Physical Activity Guidelines for Americans should be updated and that new guidelines should be consistent with the growing body of knowledge on the health effects of physical activity. A federal advisory committee was appointed to produce a comprehensive summary of important new research findings. That committee's report was released in early 2018, 2 and several of the findings are of high relevance for employers. This article is intended to summarize those research findings and to make application to the health of employees and the health promotion efforts of employers.
The Process
The 2018 Physical Activity Advisory Committee (PAGAC) was comprised of 17 physical activity experts including epidemiologists, physicians, and exercise scientists. Their work was managed by the DHHS's Office of Disease Prevention and Health Promotion, and it was supported by a private contractor that conducted systematic searches of the research literature. The Committee was appointed by the secretary of the DHHS in 2016 and it worked for 2 years to identify key issues, review the relevant scientific literature, draw conclusions based on that literature, and produce a scientific report. As summarized in Table 1 , the committee was organized into 9 subcommittees, each of which focused on a specified aspect of the physical activityhealth relationship. The PAGAC posed a total of 38 research questions, and these questions became the focus of the literature searches. In some instances, the scientific literature was deemed inadequate to support a firm conclusion about the issues. However, in many cases, the committee found strong scientific evidence supporting a conclusion regarding the health effect of physical activity.
The Findings
Many of the findings of the 2018 PAGAC are highly relevant to the work of those who deliver or benefit from employee health promotion programs. Following are summaries of those findings.
Physical Activity Enhances Functional Capacity and Reduces Fatigue
Regular participation in moderate-to-vigorous intensity physical activity (MVPA) such as brisk walking enhances cardiorespiratory fitness, and resistance activities such as weight training produce increases in muscular fitness. These benefits are critically important to the millions of workers whose jobs are physically demanding. By increasing physical fitness, regular physical activity reduces the fatigue associated with the performance of those occupational tasks.
Multiple Components of ''Brain Health'' Are Improved by Physical Activity
An extensive body of research has examined the effects of physical activity on the brain and on many manifestations of brain function. The committee concluded that persons who regularly perform greater amounts of MVPA sleep better, are less anxious, and experience reduced feelings of depression. Importantly, physical activity enhances cognition by improving executive function, one's ability to plan and organize, self-monitor, initiate tasks, and control emotions.
High Levels of Sedentary Behavior Are Associated With Health Risks
Many jobs involve extended periods of time in sedentary behavior, and the committee concluded that this is associated with increased risk for development of multiple negative health outcomes. These include cardiovascular disease, type 2 diabetes, and several cancers. Further, the committee considered the interactive effects of sedentary behavior and MVPA on health outcomes and concluded that the negative health effects of sedentary behavior are particularly profound in persons who do not engage in very much MVPA.
Physical Activity Benefits Those With Chronic Health Conditions
Millions of Americans have been diagnosed with, and are being treated for, chronic conditions such as cardiovascular disease, type 2 diabetes, osteoarthritis, and several neurological and orthopedic conditions. Millions more are survivors of cancer, and many persons are being treated for multiple chronic conditions. The committee studied the effects of physical activity in such groups and concluded that higher levels of MVPA are associated with important health benefits. For some conditions, such as osteoarthritis, symptoms are reduced and 
Many Intervention Strategies Can Successfully Promote Physical Activity
The PAGAC conducted an extensive review of the scientific literature on strategies for increasing physical activity, and many of the approaches were found to be successful. These include interventions directed at individual behavior change, community-based programs, and policy and environmental initiatives. Interventions operating in institutional settings such as schools have been particularly successful, and point-ofdecision prompts have produced positive changes when applied in a number of different settings. Worksite interventions were studied and the committee found moderate support for their effectiveness. Importantly, strong support was found for interventions using technological advances such as wearable devices, web-based interventions, and mobile phone strategies. These information and communication technology methods seem well suited to application in the worksite setting.
Physical Activity Prevents Excessive Weight Gain in Persons Across the Life Span
Rates of overweight and obesity have increased dramatically in Americans in all age categories. The PAGAC reviewed the scientific literature on the effects of physical activity on weight gain and risk of development of overweight and obesity, and this important public health issue was studied in multiple population subgroups including preschoolers, school-aged youth, working-aged adults, and pregnant women. In all groups, strong evidence indicated that higher levels of physical activity reduce risk of excessive weight gain and development of overweight and obesity. Obesity markedly increases risk for development of multiple diseases, and it is an enormous contributor to the cost of health care in the United States and other developed nations. Accordingly, increasing physical activity, by reducing the prevalence of obesity, has the potential to help rein in the increasing cost of health care for employees and their families.
Summary and Conclusions
The 2018 US Physical Activity Guidelines Advisory Committee Scientific Report is a rich source of information for professional groups that address health promotion and disease prevention in groups of all kinds. Accordingly, the findings summarized in the report are highly relevant to employers that design and deliver employee health promotion programs. The major, overarching conclusion of the report is that physical activity exerts a powerful positive influence on health, and hence promotion of physical activity has the potential to markedly improve health and reduce disease and disability in the US population. Employers stand to benefit tremendously from acting on the conclusions of the PAGAC report by creating worksite policies and programs that enable, support, and actively encourage employees to be physically active while in the worksite and during nonworking hours. A convincing body of scientific literature supports the use of physical activity policies in the worksite to provide health and productivity benefits to employees and employers. Worksite policies that promote and allow opportunities for physical activity among employees may lower health-care costs, 1,2 improve performance, 3 and reduce sedentary time (Figure 1 ). 4 Worksite physical activity policies include formal written standards that can be developed and implemented within the work environment. These policies are under the authority of the employer who can then customize and tailor them to best fit their organization. Public policies developed at the federal, state, regional, or local levels that also impact worksite physical activity are legislative or regulatory in nature. Worksite physical activity policies differ from physical activity programs in that they are intended to apply to all employees and promote a culture of health at the worksite.
Policies can be used to supplement traditional programs or activities, such as providing educational information, exercise classes, subsidizing gym memberships, and providing easy access to stairways.
Most employers have little awareness of worksite physical activity policies. Here, we provide a brief overview of a few policies that have demonstrated success at the worksite ( Figure 2 ).
Successful worksite physical activity policies must provide sufficient detail for implementation, including Describing the policy; When and where it is/not applicable; When it goes into effect; How it will be enforced; Describing the consequences for noncompliance; and Providing a point of contact for questions.
Clearly communicating the policy can support implementation. A communication plan needs to answer the following questions How will employees be notified of the policy? What media and materials will be used to communicate the policy? Where will the policy be posted? What content will be shared with managers/supervisors for training on the policy? How will the influence of the policy changes be evaluated?
Ongoing monitoring and evaluation of policy implementation and impacts can also bolster buy-in and sustainability. Examples of Policies Supporting Physical Activity at the Worksite Encourage short activity breaks or active meetings that provide opportunities for employees to break up sitting time, including standing or moving. Allow employees time to get intentional activity while on the clock, even for as little as 10 to 15 minutes per day. Allow employees to meet for a 10 to 15 minute movement break at a specified time and location. Stretching during shifts, especially among manual laborers, can decrease the chance of musculoskeletal injury and pain. Accordingly, employers can require attendance for stretch breaks. Provide flex-time that allows employees to shift their work schedules to incorporate physical activity into the work day. Options for flex-time can vary as little as arriving 30 minutes late to work (and working 30 additional minutes at the end of the shift). Implement a walking meetings policy. Utilize worksite wellness tax credits and worksite wellness grants in states and/or local jurisdictions that offer them. This is especially important for small worksites to offset the costs of wellness as business expenses. Offer subsidies for public transportation and active commuting (i.e., walking and biking to work). Locate worksites in walkable locations, with complete streets which, by design, integrates all modes of transportation such as walking, biking, public transit, and personal vehicles. he Prescription for Activity (PfA) Task Force developed a 20-to 30-year outcomes-focused road map for transforming the healthcare system so that physical activity-based behavior change interventions can become more integral and, as a result, more people can achieve recommended levels of physical activity. What makes the work of the PfA Task Force so promising is its approach to bringing together the already existing efforts across the country-at local, regional, and national levels-and leveraging that expertise on the ground in communities where it's needed most.
Authors' Note
But first, what is the PfA Task Force and how did it create its road map? The PfA Task Force is comprised of volunteer national stakeholders who gathered in 2016 and early 2017 to examine the following questions:
How can the health-care industry mobilize people from communities across the United States to achieve recommended levels of physical activity-with a focus on those populations at greatest need? What steps might health care take to pursue the priorities and execute the strategies recommended by leading authorities such as the Physical Activity Guidelines for Americans, 1 the American College of Sports Medicine's Exercise is Medicine, 2 the National Physical Activity Plan Healthcare Sector, 3 and the US Preventive Services Task Force? 4 What steps would be required for clinical care and that which surrounds and supports it to become a force for a cultural shift leading to a healthier, more active US?
The PfA Task Force developed a systems-change map illustrating how to mobilize health care to help more Americans achieve physical activity guidelines, leading to better health outcomes and reductions in health disparities.
The Theory of Change Approach to Strategic Planning
The PfA Task Force used the theory of change (TOC) 5 approach to strategic planning to guide its work. The TOC is an innovative approach to addressing highly complex social or system-level problems. It explains how a long-range goal can be reached through the attainment of a sequence of early and intermediate accomplishments. Full implementation of the TOC approach articulates the assumptions about the change process and details the ways in which the early and intermediate outcomes relate to the achievement of the ultimate outcome.
The PfA Task Force Systems-Change Map
To create the systems-change map, 5 the PfA Task Force:
Identified the long-term goal or ''ultimate outcome''; Developed a pathway of change, including measurable outcomes, that would be necessary ''incremental outcomes'' or stepping-stones toward achieving the ultimate outcome;
Arranged those incremental outcomes into sequences of causeand-effect; preconditions, the result of which have evolved to represent ''chains'' of necessary categories of work; Described the stakeholders that might logically be involved, or are already involved, in the pursuit of each precondition within each chain; and Identified approaches, interventions, and other strategies that might be deployed in pursuit of each precondition.
The TOC process begins with determining the ''ultimate outcome,'' which is depicted in Figure 3 .
The achievement of this outcome requires an ongoing focus on health equity with the pursuit of a more physically active America. The belief that every American must have an equal opportunity to achieve his or her best health is fundamentally intertwined. This outcome will be achieved only when environments and opportunities support and empower individuals of all backgrounds to increase their personal level of physical activity. Health equity is not only an outcome of this work but a lens through which the PfA Task Force viewed each of the chains of the map and all of the outcomes that fall within those chains.
The PfA systems-change map features 3 ''core paths'' Care delivery chain: Prescribing physical activity as a path to enhanced patient outcomes. Community chain: Recruiting communities to make physical activity not only a priority, but also a source of fun, enjoyment, and socialization. Clinic-community integration chain: Building a bridge of trust and collaboration between health-care providers and community resources to encourage physical activity.
These core paths are bolstered by 4 ''supporting paths;'' Education and training chain: Equipping health-care professionals to be true physical activity advocates. Funding and payment chain: Funding affordable, universal access to physical activity. Informatics chain: Evolving the information architecture underpinning care delivery so physical activity monitoring and counseling become supported and routine for care providers.
Communications chain: Creating engaging and targeted messaging that persuades people across all walks of life to see physical activity not only as a health imperative but integral to a life of fulfillment and happiness.
Finally, the systems-change map begins with a series of ''sparks'' designed to unleash transformation and facilitate the initial outcome in each of the 7 chains just described.
Alignment With Existing Efforts
The members of the PfA Task Force recognized that many initiatives are already underway to support integration of physical activity into the health-care setting. In fact, the leaders of many of these initiatives are members of, or advisors to, the PfA Task Force. As a result, the PfA Task Force aspired to build upon existing efforts and develop a framework and implementation plan to help align and accelerate them.
Key Next Steps
The PfA Task Force identified a series of key next steps to catalyze the tremendous body of work required to implement a change of this magnitude, some of which are already underway. These steps include:
Building a highly organized nationwide implementation initiative; Identifying and recruiting individuals and organizations to serve leadership, support, coordination, and implementation functions; Developing an identity for the initiative, as well as a message platform, communication strategy, and awareness-building campaign; Crafting written materials for academic, funding, and other prospective partners, as well as lay audiences, describing the work and vision of the PfA Task Force;
Identifying how stakeholders across healthcare and in communities nationwide can answer the Call to Action detailed in this article; and Recruiting the critical stakeholders and gathering the funding and human capital necessary to pursue the most urgent preconditions on the PfA systems-change map.
What's exciting about the PfA Task Force and its systemschange map is the big picture view that pulls together concepts and expertise from a wide range of industries linked to health care and wellness in an effort to maximize the possibilities for long-term success. The PfA Task Force imagines a new paradigm for physical activity where health-care providers routinely assess physical activity levels, encourage physical activity among their patients, counsel on its necessity, and then refer patients to appropriate community partners based on each patient's interests and readiness to change. Further, the Task Force envisions a system where the business sector-which includes third-party payers, medical records companies, and employers-work with health-care practitioners and the community to support the achievement of the task outlined on the community chain of the PfA systems-change map. By enlisting the support of experts from areas as diverse as communications, informatics, care delivery, and community initiatives, the PfA Task Force allows the fulfillment of exercise prescriptions to take place outside the clinic walls, in the communities and workplaces where people live their daily lives.
To learn more about the PfA Task Force and its systems-change map, or to read the full White Paper, visit www.prescriptionforactivity.org. any US adults spend a majority of their time at work each day. Accordingly, the workplace setting provides an important opportunity to assess physical activity (PA), sedentary behavior (SB), and cardiorespiratory fitness (CRF) across the population and then tailor culture, environment, systems, and policy change to foster a work environment that creates safe opportunities for PA. The intent of this expert consensus group was to standardize measures for health risk assessment and biometric screening within worksite health promotion for PA, SB, and CRF since there are currently many different approaches. The importance of muscular strengthening is also mentioned with appropriate methods of assessment summarized. The terms described in Figure 4 provide common definitions for those implementing assessment and prescription. With consistent assessment, employers can screen and characterize their workforce, identify candidates for intervention, measure improvement, compare aggregate data across employee populations, optimally tailor programming, create organizational policy that facilitates and encourages safe and active work environments, and benchmark results and outcomes. Ideally, this assessment is seamlessly integrated into health-care delivery, creating benefits for employers and employees in terms of safety, health-care costs, productivity, absenteeism, presenteeism, and worker compensation claims.
Background
Physical inactivity and poor CRF have far-reaching health, economic, and social consequences. 1, 2, 3 According to the World Health Organization, physical inactivity is associated with many adverse health consequences, and it is the fourth leading risk factor for global mortality. 3 Further, scientific evidence convincingly suggests that getting the recommended level of PA is associated with a 40% lower risk of type 2 diabetes, 35% lower risk of heart disease, 25% lower risk of falls, depression, and dementia, 3 and 20% lower risk of colon cancer and breast cancer. 3 A recent analysis 4 of national and statewide surveillance data by the Centers for Disease Control and Prevention showed that there is significant variation in how adults are meeting the federal PA guidelines by geography, sex, and current work status. Nationally, only 22.9% of US adults report meeting the guidelines for both aerobic and muscle-strengthening activities. 4 The national average for men meeting the guidelines was 27.2% and for women it was 18.7% with significant differences between states (high in the District of Columbia and Colorado and low in states such as Mississippi). 5 Both PA and CRF are now considered vital signs by the American Heart Association. 5, 6 A significant amount of health-care dollars are spent on those with chronic diseases-two-thirds of Medicare spending is for people with more than 5 chronic conditions. 7 Almost a quarter of companies' medical costs per year are spent on 10 modifiable risk factors. 8 Simply getting people to be moderately physically active and reducing sedentary time 4 can go a long way toward improving health. Fitness in the workplace correlates with more than just health. It has also been associated with a 5% to 10% wage increase, 9 increased overall family earnings, 10 lower debt, and lower long-term unemployment.
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Business-related outcomes related to employee fitness include reduced absenteeism, productivity gains, lower health-care costs, lower turnover, decreased short-term disability, and improved employee job satisfaction and work performance. 12 For all of these reasons, assessment of PA, SB, and CRF, in the worksite environment, coupled with comprehensive programming and a supportive culture is extremely important. Although the evidence base for SB is still emerging and not as robust and clear as the evidence for PA and CRF, it is prominently mentioned within the latest edition of the Physical Activity Guidelines for Americans and warrants independent assessment and focus within worksite health promotion.
Based on available evidence, the fitness of the US workforce appears to be relatively low and declining. 5, 7, 12 The assessment of PA, SB, and CRF in the workplace helps capture not only adult PA levels for a significant part of the day but also can evaluate worksite culture, program design, communications, the impact of various interventions, and policies that promote PA and active transportation to and from work. This article will provide expert recommended standards of data collection protocols for assessment of PA, SB, and CRF within worksite health promotion. Employers who are self-insured and third-party vendor suppliers can leverage their relationships with health plan providers to integrate data collection efforts.
Physical Activity, SB, CRF, and Health Individuals, especially those who lead a sedentary lifestyle, need to at a minimum sit less and move more and ideally achieve full adherence with the Physical Activity Guidelines for Americans 13 to improve their health and well-being. To help provide individuals with a thorough understanding of health-related metrics, health assessments should include screening questions on PA, SB, and other baseline information that helps estimate CRF. Assessing each of these metrics provides important feedback to individuals about how PA, SB, and fitness contribute to their overall health and well-being. This assessment should happen in 2 stages-initial assessment which is applied across a broad employee population and provides a general sense of regular PA, how much employees sit during the day, and level of CRF through predictive equations. Subsequently, more comprehensive assessment can take place to assess individual improvement, determine the effectiveness of interventions, and optimize chronic disease management. This article will provide recommendations for both levels of assessment.
Measuring PA captures a person's movement throughout the day and is typically characterized as light intensity (1.5-2.9 METs), moderate intensity (3-5.9 METs), and vigorous intensity (!6 METs) PA. Although any PA, including light intensity, is better than none, most of the activity-related health benefits are associated with weekly volume of moderate-to-vigorous intensity PA, a notion reflected in the most current release of the PA guideliness. 14 In the work environment, SB is primarily captured with sitting time which in itself has been shown to predict poor health outcomes. 13 Physical inactivity and excess SB, although inter-related, are distinct constructs associated with health outcomes.
14 Physical fitness includes health-related fitness and skill-related fitness components (see Figure 5) . 12 Of all the components of health-related fitness, CRF, also described as cardiorespiratory endurance, because of its strong correlation with reduced mortality and improved health, 4 should be the primary one assessed or predicted in worksite health promotion. In a more comprehensive assessment, muscular strength could be added using self-reported muscle strengthening activities per week and grip strength as a proxy. Populationbased norms for handgrip strength for US adults have been recently Figure 5 . Components of physical fitness. Adapted from Pronk et al.
Physical Activity: Any bodily movement produced by skeletal muscles that results in sufficient energy expenditure (i.e., >1.5 METs) including walking, running, biking, lifting objects and other activities of daily living.
Sedentary Behavior: Any waking behavior characterized by an energy expenditure of <1.5 METs while sitting, reclining, or lying down.
Physical Fitness: A set of physical attributes that individuals have or achieve. 1 Health-related Fitness: A distinct type of physical fitness with special relevance to the health potential of PA and includes five components: muscular/musculoskeletal fitness, motor fitness, cardiorespiratory fitness, body composition and metabolism. Of these components, cardiorespiratory fitness and musculoskeletal fitness are the two most commonly attributed to overall health and longevity.
Cardiorespiratory Fitness:The ability of the cardiovascular and respiratory systems to transport oxygen to the muscles to perform physical work, reflecting a person's exercise capacity and total body health.
Musculoskeletal Fitness: Relates to the health and fitness of the human musculature and skeleton.
Vital Sign: A clinical measurement such as blood pressure or cardiorespiratory fitness that indicates the state of a patient's essential body function. 4 Metabolic Equivalent (MET): 1 MET is defined as the amount of oxygen consumed while sitting at rest and is equal to 3.5 ml O2 per kg body weight per minute. The MET concept represents a simple, practical, and easily understood metric for expressing the energy cost of physical activities as a multiple of the resting metabolic rate.
Biometric Health Screening:
Is an assessment of a person's overall health by measuring and evaluating their physical attributes such as blood pressure, blood glucose level, blood cholesterol level, height, weight, body mass index, and cardiorespiratory fitness. published, which enable classification into risk categories based on age, gender, and ethnicity. 15 Grip strength may be a more reliable measure than self-report of muscle strengthening activities even though it is an outcome or proxy of such behaviors.
Health Assessment What is Health Assessment?
Health assessment has been defined as ''an analysis of healthrelated data that evaluate health status, health risk, and health improvement priorities at the individual or organizational level,'' and has been a common feature in many worksite health promotion programs, but can also be used in community health screenings and in the health-care setting. 12, 16 Assessment of PA, SB and CRF has traditionally relied on several different methods including questionnaires, pedometers and accelerometers, biometric health screening, or a fitness test that requires either submaximal or maximal physical exertion.
Current Health Assessment Practices for PA, SB, and CRF
Health assessment for PA has often taken the form of self-reported questions about PA levels embedded into 1 section of a longer health assessment survey. Biometric health screenings have been conducted at or near the workplace as part of a ''know your numbers'' campaign and may include CRF and strength assessment components. Cardiorespiratory fitness and PA assessments have also been conducted as part of fit-for-duty screening. Emerging forms of assessment include wearable activity trackers and mobile applications.
Recent industry surveys indicate that many of these assessment methods remain part of employer-sponsored health promotion initiatives. According to a 2017 survey of a sample of nationally representative employers who offer health benefits, 38% of small employers (<200 workers) and 62% of large employers (>200 workers) provide employees with an opportunity to complete a health assessment.
14 A different survey of nationally representative large employers reports 56% of large employers offer biometric health screenings. 17 None of the industry surveys indicate whether PA/SB/CRF assessment is included, but this expert group's knowledge of industry trends indicates that these are typically included in health assessments but not as often in biometric screenings.
Increasingly, wearable activity devices are incorporated into health assessment to track levels of PA. It has been estimated that 8% of all employers collect health risk information from workers' wearables or mobile apps. 18 A higher proportion of very large firms (!5000 workers) collect these data compared to very small firms (<25 workers): 29% versus 9%, respectively. 18 Indeed, employers, health plans, and communities have started incorporating such devices and mobile apps into population-based wellness initiatives. 19 Some wearable manufacturers have dashboards that allow organizations to view population-level PA metrics such as the number of active minutes. 20 It is very important that these devices integrate the evidence-based PA Guidelines metrics 3 (ie, minutes of moderate-tovigorous intensity PA as opposed to, or in addition to, steps/day) into their algorithms.
One area of current research is the important role of sleep and its relationship to employee health and productivity. Further studies should assess the interrelationship between sleep quality, SB, and PA throughout the day. Employees' time use patterns over the course of 24 hours, including sleep, are essential ingredients for optimal health. 21 The Ideal Future for PA, SB, and CRF Assessments in Health Assessment
Optimally, assessment of PA, SB, and CRF is offered as part of a comprehensive worksite health promotion initiative to raise individual awareness about health issues and engage at-risk individuals in follow-up behavior change programs. Physical activity programs tend to be most successful when they are embedded into multicomponent, comprehensive, and multidisciplinary programs that are designed according to best practice program design principles. 18, 19, 21 With all of these methods, the strength of the data and its utility as a population-level PA assessment method is dependent on the percentage of the employee population that participates in the data collection mechanism.
Many organizations are providing financial incentives to end users to increase voluntary participation in these assessments. 22 Increased participation rates in PA assessment provides more complete data to inform strategic planning and results in more individuals becoming aware of their health status with the potential to become more engaged in their health. There is substantial evidence supporting the use of incentives to increase participation in voluntary assessment activities; 23, 24 however, evidence for their impact on long-term, sustainable behavior change is not as compelling. 25, 26 When incentives are used, they should be offered for participation in PA assessment activities and not for the actual amount of PA that is self-reported or recorded, because incentives may influence the amount of PA reported. It would be important for employers to gather data relative to the frequency of fitness center attendance if they offer an incentive to use a fitness center membership or have a facility onsite. 27 When health assessment requests self-reported indicators of behavior (such as PA) or behavior-related outcomes (such as weight or body mass index), research indicates this self-reported information to be predictable, reliable, and within an acceptable margin of error. 28 However, it should also be noted that selfreported perceptions of PA behavior are an entirely different metric than measured PA using, for example, accelerometry. While health assessment using health risk questionnaires or biometric screenings have generally been conducted on an annual basis, the use of wearable fitness trackers and mobile applications increases the opportunity to collect data more frequently in real time. Since each individual employee has preferences about the types of assessment activities in which they participate, an ideal strategy includes a variety of assessment methods that provides a comprehensive view of an entire population.
More employees are being asked by health plans to allow their data to be added to an electronic medical record, and employers may leverage their care delivery partners for aggregate reporting on the health of their population. 22 As these types of data become more accessible to employers in aggregate form, it offers another opportunity for PA assessment. Whatever assessment methods are used, data should be integrated and harmonized to allow stakeholders to compare PA levels at a population level. Tables 2 and  3 summarize the standard metrics and questions that should be used in PA, SB, and CRF assessment in initial and more in depth assessment. The development of an evidence-based bank of tools that assess PA, SB, and CRF in a reliable and valid way would be an additional important resource for those implementing worksite health promotion programs.
Assessing PA and SB Measurement challenges for PA and SB. There is a large and continually growing body of literature on the measurement of PA and SB.
Measurement modalities include direct observation, diverse approaches to self-report, and expanded use of device-based measurement of acceleration or location to estimate movement and intensity of activities. As discussed above, selection of measures of SB and PA for health assessment surveys serves several functions including identifying employees who could benefit from changes in behavior related to PA and SB, encouraging employees to maintain healthy habits, and monitoring response to programs and policies related to health risk in the workplace. These functions are likely to require different instruments. Appropriate tools for determining who might benefit from increased levels of PA (ie, screening) might be simpler than those needed to accurately assess responses to behavior change interventions at the individual or group level. Additional practical challenges to identifying appropriate measurement tools include:
(1) Accounting for the interactive effects of time spent in sleep, sedentary, light, and moderate/vigorous PA; growing evidence suggests that these aspects of time use are not independent; 33 (2) Determining whether devices or smart phone apps could be an alternative screening and measurement modality. Technology changes rapidly and it is difficult to assess whether there is a valid and feasible approach based on phones or other mobile technologies despite their appeal; and Table 4 Muscle strength Handgrip strength 13 a World Bank. 38 This is an adaptation of an original work by The World Bank. Views and opinions expressed in the adaptation are the sole responsibility of the author or authors of the adaptation and are not endorsed by The World Bank. Times/week engaged in muscle strengthening activity
During the past month, how many times per week or per month did you do physical activities or exercises to STRENGTHEN your muscles? Do NOT count aerobic activities such as walking, running, or bicycling. Count activities using your own body weight such as sit-ups or push-ups and those using weight machines, free weights, or an elastic band. 30 Sedentary behavior Minutes/hours of sitting time/week NHANES self-reported sitting question: 31 The following question is about sitting at work, at home, getting to and from places, or with friends, including time spent sitting at a desk, traveling in a car or bus, reading, playing cards, watching television, or using a computer. Do not include time spent sleeping.
How much time do you usually spend sitting on a typical day? | ___ | ___ | ___ |ENTER NUMBER OF MINUTES OR HOURS Cardiorespiratory fitness
:VO 2max or predicted METS A nonexercise CRF estimation equation:
Abbreviations: CRF, cardiorespiratory fitness; METS, Metabolic Equivalent; NHANES, National Health and Nutrition Examination Survey; PA-index, physical activity index; RHR, resting heart rate; :VO 2max , maximal oxygen consumption; WC, waist circumference. a PA-index score ¼ sum of responses to 3 questions: (1) How frequently do you exercise? (never or less than once a week ¼ 0; once a week ¼ 1; 2 to 3 times a week ¼ 2; almost every day ¼ 3); (2) How hard do you push yourself? (take it easy ¼ 0; heavy breath and sweat ¼ 5; push near exhaustion ¼ 10); and (3) How long does each session last? (<15 minutes ¼ 1; 16-30 minutes ¼ 1; 30-60 minutes ¼ 1.5; >1 hour ¼ 1.5).
(3) Integrating measurement of behavior with measurement of desire or readiness to change.
The next 2 sections highlight some of the overarching measurement issues for both PA and SB. For example, in both cases, selfreport has the advantage of allowing collection of contextual data (eg, Who were you with?, Where were you?) and measurement of specific activities (eg, playing tennis; working on the computer). Devices on the other hand address the cognitive challenges of recalling activities completely, estimating intensity-especially of intermittent activities-and overcoming reporting biases. For both PA and SB, there appears to be some tradeoff between feasibility and validity. 34 The most valid measures (eg, direct observation, 24-hour recalls, and device-based measurement) have greater respondent burden or device and analysis costs than the less burdensome frequency-based questionnaires. 35 Overall, these considerations suggest the need for a family of measures to serve different functions.
Physical activity. For the purposes of health research, health guidelines, and health assessment, PA is often divided into aerobic and strengthening components with exercises focusing on balance as needed in older adults. The 2018 Physical Activity Guidelines 3 strongly support the achievement of 150 to 300 minutes each week of moderate to vigorous PA and 2 strengthening sessions per week. They also reiterate that PA can accumulate throughout the day and no longer has to be in bouts of at least 10 minutes. 3 This may encourage use of device-based measurement to track PA since devices are well suited for capturing all movement. Self-report instruments perform better for discrete activities carried out on a specific schedule such as jogging 3 times per week for 30 minutes. Assessing employees for PA optimally would be sensitive enough to capture lower levels of PA.
Physical activity measurement modalities can be placed along a feasibility and validity continuum. 36 Extensive studies of various measurement modalities indicate that respondents can be ranked in terms of activity levels via short screeners containing one or more questions 9 and that detailed aspects of PA can be measured with multiple 24-hour recalls or various devices including pedometers for steps and accelerometers for multiple aspects of PA. 37 Self-report measures vary greatly in their performance, and while device-based measures are somewhat less variable in studies of reliability and validity to date, the capacity of any measurement modality to accurately assess change is poorly characterized.
Together these considerations suggest that different measurement tools may well be appropriate for different stages of the health assessment process. For example, a simple instrument with just a few questions could determine whether people were inactive, low active, moderately active, or highly active. Follow-up, monitoring, change, and interventions aimed at adding new activity domains might require different measurement approaches. These approaches could also involve sensitivity to respondent use of technology. Sedentary behavior. The definition of SB includes both an energy expenditure component and a postural component which makes measurement and surveillance of SB a challenging prospect. In most research studies, SB has been operationalized as daily sitting time, TV viewing, or low counts on an activity monitor. 39 Excessive daily sitting time and TV viewing are both associated with an increased risk of all-cause mortality. 40, 41 For example, Chau et al demonstrated a nonlinear association between daily sitting time and all-cause mortality, with an estimated 34% higher mortality risk among adults who sit 10 hours per day. 42 Similarly, Sun et al reported a J-shaped association between TV viewing and all-cause mortality, with those viewing the highest amount of TV versus the lowest amount having a 33% elevated risk of all-cause mortality. 43 There is some indication that the effects of SB on health are not completely independent of PA. The results of a large meta-analysis of more than 1 million adults suggest that the effects of SB are more pronounced in people who are also physically inactive. 44 Further, high levels (60-75 minutes per day) of moderate-intensity PA seem to eliminate the hazardous effects of high sitting time. 45 Given this Figure 6 . Cycle of screening, intervention, and monitoring for physical activity in workplace health assessments.
interaction between SB and moderate-to-vigorous PA, people who sit for extended periods of the day should be encouraged to perform more PA, toward the higher end of the PA recommendations (ie, 150-300 minutes per week). 3 This also underscores the need to capture all 3 measures in health risk assessment-PA, SB, and CRF.
In addition to the deleterious effects associated with excessive levels of SB, there has been some speculation that patterns of SB may be related to health outcomes. 46 A cross-sectional analysis of data from the US National Health and Nutrition Examination Survey (NHANES) showed that breaks in sedentary time were beneficially associated with waist circumference and C-reactive protein. 42 This study has been followed by interventions, which have demonstrated that interrupting sitting time with short bouts of light-or moderateintensity PA improves cardiometabolic risk markers. 43, 45 To add to this evidence, a recent epidemiological study showed a positive association between uninterrupted sedentary bout duration and an increased risk of all-cause mortality. 47 Although these results suggest that bouts and breaks in SB may have important health implications, there are very little data available to make recommendations regarding optimal patterns of SB that are associated with positive health outcomes.
Sedentary behavior can be measured using both self-report instruments and devices such as inclinometers and accelerometers. 48 Selfreport measures can assess the domains and contexts associated with SB (eg, eating, driving, working, etc); however, self-report instruments have greater associated measurement errors compared to device-based methods of assessment. 49 Device-based measurement of SB can reduce measurement errors and also provide information about patterns of SB (eg, breaks and bouts) but fail to provide information on the domains and contexts of SB. 13 A recent review determined that the reliability of SB questionnaires is generally good, but the validity of most such questionnaires is poor to moderate, and often not reported. 50 In light of this, when designing SB modules for use in a health assessment, it is recommended that a question such as that employed in the US NHANES be used to facilitate comparisons with nationally representative data. As more valid and reliable measurement methods are developed, they should be considered for inclusion in SB modules as appropriate.
Cardiorespiratory Fitness
Healthy adults who have low CRF for their age and sex are at a considerably higher mortality risk compared to those with higher levels of CRF. 4 Cardiorespiratory fitness is now considered a vital sign in all individuals irrespective of health status and should be more broadly integrated into health assessment within the health-care system and worksite health promotion. 4 A higher CRF portends a better prognosis and functional capacity as well as decreased risk of developing future risk factors such as hypertension or diabetes. 51 Conversely, a progressively lower CRF has convincingly been shown to predict future risk for poor health outcomes and adverse events. As such, including CRF as part of a broader health assessment is valuable and highly recommended.
Laboratory-based approaches to CRF assessment. Cardiopulmonary exercise testing is the gold standard approach to CRF assessment. 52, 53, 54 Cardiopulmonary exercise testing combines standard exercise testing measures (ie, blood pressure, electrocardiography (ECG), and subjective symptomatology) with measures obtained from ventilatory expired gas analysis. It provides the most accurate noninvasive measure of maximal oxygen consumption (VO 2max ) as well as a host of other valuable measures. Normative tables and prediction equations have been published allowing for comparison of VO 2max to age-and sex-predicted values. 55, 56, 57 Optimal threshold values that portend a good health trajectory and low risk of future adverse events that commonly result from chronic disease (eg, myocardial infarction, premature mortality, etc) in a general population require further investigation. Values at the 50th percentile reported from the Fitness Registry and the Importance of Exercise National Database Registry 58 provide minimal levels that would indicate an acceptable CRF, while progressively higher values indicate improved health and prognosis.
Standard exercise testing, also performed on a treadmill or cycle ergometer, allows for a relatively accurate estimation of VO 2max through treadmill speed/grade or ergometer workload; METs are used to report VO 2max when estimated. In general, achieving a >8 MET level during a maximal exercise test predicts a good health trajectory and low risk of future adverse events associated with chronic diseases, although this value may not be appropriate to apply to both men and women of different age groups. 59 The blood pressure and ECG responses as well as subjective symptoms at maximal exercise compliment the important information obtained from determining CRF, obtained either from cardiopulmonary exercise testing or standard exercise testing. 60 As laboratory-based CRF assessments, either with or without cardiopulmonary exercise testing, are highly accurate and reproducible, this would be the ideal option as part of workplace health assessment. 60, 61 However, the personnel, equipment, expense, and time needed to perform a laboratory-based CRF assessments may make implementation on a broad scale a significant challenge. As such, submaximal and field-based CRF assessments and predictive equations hold utility. A summary of these options is shown in Table 4 .
Submaximal and field-based CRF assessments. Other options for estimating CRF include (1) submaximal cycle ergometer or step tests, (2) timed run/walk tests, and (3) nonexercise tests. 4 Submaximal assessments require less burden for both the test personnel and the test taker. Timed walk/run tests can be performed by many individuals at the same time, and since they can also be self-administered, individuals can periodically assess their own progress. Unlike laboratorybased CRF assessments, currently evidence is lacking to support that submaximal field-based CRF assessments can predict health trajectory and future risk for adverse events in the general population. However, as these tests may be more routinely used as part of health assessment, an important pursuit would be for future investigations to perform analyses to identify preferred submaximal or field-based tests for inclusion in health assessment surveys as well as defining the meaning of the values obtained in the context of health trajectory and future risk of adverse events.
The least rigorous assessment option is to obtain an estimate of an individual's CRF from other risk measures (ie, nonexercise equations) obtained during the health assessment or biometric screening. These typically include some combination of age, body composition, and self-reported PA status. This option can be immediately applied in the health assessment without any costs.
Laboratory-based CRF assessments: If the data exist, include in the health assessment. The incorporation of CRF assessments into worksite health assessments does not require a one size fits all approach. A number of individuals undergo laboratory-based CRF assessments for various reasons including (1) clinical workup for risk of cardiovascular disease (ie, traditional exercise stress test, (2) academic-based wellness assessment or research study, or (3) self-pay CRF assessments through a private company. Individuals completing a health assessment should be asked whether they had a recent laboratory-based CRF assessment (ie, within the past 6 months). If this information is available and deemed valid and reliable, the data can be voluntarily incorporated into the health assessment. Regulations require that if data are being gathered, the health assessment must provide the participant with a summary of the risks identified in the data and an action plan outlining steps they can take to mitigate the risk. There are recommended sources employers should use to assess compliance and legal risks associated with gathering these data. 62 The Americans With Disabilities Act makes it illegal for employers to require physical examinations or make disability-related inquiries unless the examination is clearly job-related and consistent with business necessity. 63 It is therefore imperative that employers offering these assessments do so on a strictly voluntary basis. The more timeconsuming and strenuous a desired activity is, the more innovative employers must be in motivating voluntary participation. Resources such as the American Heart Association Workplace Health Playbook 64 offer practical advice to encourage employee engagement. Best practices include involving employees in the planning process, identifying employee leaders and forming wellness committees, using incentives, tapping into competition, including family members, and keeping in touch with strong communication campaigns.
Creating an infrastructure for CRF assessment in health assessments: Exploring mutually beneficial partnerships. Academic departments of Exercise Science, Kinesiology, Human Performance, and Physical Therapy typically include CRF assessment in their curricula and may also have faculty that incorporate CRF assessments into their research. Additionally, these universities may have communitybased well-being programs that include CRF assessments. Organizations that perform health assessments may consider partnering with universities through formal memorandums of understanding to perform CRF assessments. A particularly attractive program can be one with students administering CRF assessments as part of a health assessment effort, under faculty supervision. Students will obtain valuable experiential learning, while the organization offering the health assessment will be able to incorporate CRF in a cost-effective way.
Summary of Recommendations
1. Assessment of PA, SB, and CRF in the worksite environment should be implemented in a consistent manner and coupled with comprehensive programming and a supportive culture. Additional tools and resources, including a manual or web site, could be helpful in providing step-by-step implementation. 2. Common metrics for PA, SB, and CRF should be used by all employers. They include minutes of moderate-tovigorous PA per week measured continuously; minutes or hours of sitting time per week for SB; and VO 2max or predicted METS for CRF. Ideally, muscular strength is also assessed and the metric should be self-reported times/week engaged in muscle strengthening activity enhanced by measurement of grip strength. 3. Initial assessment of these metrics at baseline should be conducted broadly across the entire employee population with the less expensive, easier to use recommended screening tools and measurement techniques including self-report questionnaires and basic biometric data. 4. The more in-depth assessment tools and techniques can be used to evaluate employee improvement in tailored programming, effectiveness of interventions, and progress in chronic disease management. 5. Employers should use consistent aggregate data to evaluate their own workforce and also benchmark against others across industry.
Conclusion
Consistent assessment of PA, CRF, and SB should be integrated into all health assessments and biometric screenings. Measures include minutes of moderate-vigorous PA per week, sitting time per week, and CRF quantified by MET level or directly measured VO 2 . Recommended methods for collecting these measures are summarized in this article. Employers should use these aggregate data to tailor programming, create an active worksite culture, promote active transportation to and from work, and ideally link the assessment to the health-care system and delivery of care. In this way, employers will play an important role in promoting PA across the population, positively affecting overall productivity and improving employee well-being and population health. This article is solely the responsibility of the authors and does not necessarily represent the official views of the National Cancer Institute or the National Institutes of Health.
